Introduction {#sec1}
============

The emergence of pandemic influenza A (H1N1) virus (H1N1v) has caused global pandemic infection and has become a challenge to all health care providers worldwide. On June 11, 2009, the World Health Organization (WHO) raised the pandemic alert level to phase 6, indicating widespread community transmission.[@bib1] In Taiwan, the first patient with H1N1v infection was identified on May 20, 2009, and large-scale community infection followed.[@bib2] The epidemiology, clinical manifestations, and diagnosis of H1N1v infection differ between countries. Compared with western countries, it was found that the first 61 patients with H1N1v in Taiwan had a lower incidence of fever, diarrhea and vomiting.[@bib3] It is believed that the presentation of influenza infection is relatively atypical in children and this makes it more difficult to make an accurate diagnosis.[@bib4]

At the end of September 2009, 18 patients died from H1N1v infection in Taiwan.[@bib2] The influenza infection was over-hyped and anxiety developed in the general public.[@bib5] Anxious people poured into emergency departments requesting an influenza examination and their doctors' assurance, whether or not they had influenza-like illness (ILI). The number of visits doubled compared to the same period in the previous year, and overcrowding with patients, including healthy people in fear of getting influenza, almost paralyzed the medical system. Oseltamivir was offered free to patients with a positive influenza rapid test (IRT), to reduce mortality and complications of H1N1v infection, by the Centers for Disease Control and Prevention (CDC), Taiwan, but the measures accelerated the exhaustion of the IRT kits.[@bib2]

We conducted this prospective study by designing a scoring system to predict the results of IRT and evaluate the clinical presentation of H1N1v infection. We hope that this scoring system can be a surrogate for IRT to decrease the burden for testing and lower public anxiety.

Materials and methods {#sec2}
=====================

Study population {#sec2.1}
----------------

This prospective study was conducted from September 3 to October 5, 2009 in Mackay Memorial Hospital, which is a tertiary referral hospital in Taipei, Taiwan. During the 5-week period, patients younger than 18 years who visited the emergency department and received an IRT were enrolled. Patients with ILI or contact history of influenza infection were suggested to undergo IRT, although the necessity of performing rapid tests depended on the judgment of the primary pediatrician. Patients with a critical condition were excluded.

Study method {#sec2.2}
------------

We designed a questionnaire including contact history, degree of fever and duration, age, constitutional symptoms, and respiratory and gastrointestinal tract symptoms. This 5-week period was divided into two phases. In the first 2 weeks, we collected the questionnaires and analyzed the clinical manifestations. After comparing the clinical manifestations and results of IRTs, we designed a simple scoring system to predict the test results. In the next 3 weeks, we validated the sensitivity and specificity of the scoring system.

The commercial IRT kit we used was the Quickvue influenza A + B assay (Quidel Corporation, San Diego, CA, USA). Oropharyngeal swabs were performed at the emergency department and the influenza antigen tests were done according to the manufacturer's instructions.

Statistical analysis {#sec2.3}
--------------------

SPSS version 17 (SPSS Inc., Chicago, IL, USA) was used to compare the clinical manifestations among patients with positive and negative influenza tests. Univariate analysis was performed with the Pearson χ^2^ test and Fisher's exact test for categorical data. A p value \<0.05 was considered statistically significant. Odds ratio and 95% confidence interval were calculated to indicate the magnitude of any associations. Receiver operating characteristic curve was plotted to evaluate the scoring system.

Results {#sec3}
=======

There were 845 pediatric patients enrolled in our study; 506 were included in the first phase and 339 in the second. In the first phase, 81.6% had fever and 46% were ≥10 years. Among them, 187 patients (37.0%) had positive IRT results and 319 had negative results. In patients with positive results, 126 (62.5%) were boys and the median age was 11 years (range: 1--18 years). In those with negative results, 190 (59.6%) were boys and the median age was 7 years (range: 3 months to 18 years). Several significant factors were identified in patients with positive test results: family with influenza A infection, classmates with influenza A infection, fever with body temperature ≥ 38°C, age ≥5 years, myalgia, lethargy, sore throat, cough, and headache ([Table 1](#tbl1){ref-type="table"} ). Patients younger than 5 years had a lower risk of positive rapid test results. Fever duration longer than 3 days was more common in patients with negative results (3.2% vs. 6.9%) and gastrointestinal tract symptoms were not significantly different in these two groups. Multivariate analysis showed no significant single predictor.Table 1Association of contact history and clinical symptoms among patients with positive and negative influenza rapid tests in the first phasePatient No. (%)Positive No. (%)Negative No. (%)*p* valueOR95%CIStudy subjects506187 (37)319 (63)  **Gender** Male316 (62.5)126 (39.9)190 (60.1)0.081.40.96-2.05 Female190 (37.5)61 (32.1)129 (67.9)  **Contact history** Family influenza A38 (7.5)20 (10.7)18 (5.6)0.040521.03-3.89 Classmates influenza A104 (20.6)49 (26.2)55 (17.2)0.01671.71.10-2.64 Family URI∗90 (17.8)30 (16.0)60 (18.8)0.43270.820.51-1.33  **Fever** ≥39 °C135 (26.7)52 (27.8)83 (26.0)0.66061.10.73-1.64 38∼39 °C298 (58.9)114 (61.0)164 (51.4)0.03751.481.02-2.13 Fever ≥38 °C433 (85.6)166 (88.8)247 (77.4)0.00182.31.36-3.89 No fever93 (18.4)21 (11.2)72 (22.6)0.00180.430.26-0.73  **Fever duration** ≥3days28 (6.5)6 (3.2)22 (6.9)0.04230.380.15-0.97 1∼3 days164 (37.9)73 (39.0)91 (28.5)0.14681.350.9-2 \<1 day221 (51.0)87 (46.5)134 (42)0.71300.930.63-1.38  **Age (year-old)** ≥10233 (46.0)113 (60.4)120 (37.6)\<0.00012.531.75-3.67 5∼10135 (26.7)59 (31.6)76 (23.8)0.05851.470.99-2.2 1∼5122 (24.1)15 (8.0)107 (33.5)\<0.00010.170.1-0.31 \<116 (3.2)0 (0)16 (5.0)0.03610.050-0.82  **Constitutional symptoms** Decreased appetite189 (37.4)70 (37.4)119 (37.3)0.976910.69-1.46 Myalgia149 (29.4)68 (36.4)81 (25.4)0.00931.681.14-2.48 Lethargy130 (25.7)62 (33.2)68 (21.3)0.00351.831.22-2.75  **Respiratory tract symptoms** Sore throat269 (53.2)117 (62.6)152 (47.7)0.00121.841.27-2.66 Cough152 (30.0)73 (39.0)79 (24.8)0.00081.951.32-2.87 Headache218 (43.1)99 (53.0)119 (37.3)0.00061.891.31-2.73  **Gastrointestinal tract symptoms** Vomiting100 (19.8)37 (19.8)63 (19.8)0.99210.64-1.58 Diarrhea49 (9.7)15 (8.0)34 (10.7)0.33450.730.39-1.38[^1]

A scoring system was designed according to the correlation coefficients to predict the results of IRT and it was simplified for convenient use in the general population ([Table 2](#tbl2){ref-type="table"} ). The receiver operating characteristic curve was plotted and a score ≥5 points had an acceptable sensitivity (69.5%) and specificity (63.6%) ([Fig. 1](#fig1){ref-type="fig"} ).Table 2The scoring system for predicting the results of influenza rapid testsPoints2 points1 point-1 pointItems Family members have influenza A\
 Fever ≥ 38°C\
 Age ≥ 10 years old Classmates have influenza A\
 Sore throat\
 Cough\
 Headache\
 Myalgia\
 Lethargy Age ≤ 5 years oldTotal score^∗^[^2]Figure 1Receiver operating characteristic curve for the scoring system to predict the rapid test results.

In the second phase, 179 patients had positive results and 160 had negative results. In patients with positive results, 83 were boys and the median age was 12 years (range: 8 months to 18 years). In patients with negative results, 115 were boys and the median age was 8 years (range: 4 months to 18 years). We analyzed the questionnaires with our scoring system and the sensitivity, specificity, positive predictive value and negative predictive value were 68.9%, 57.8%, 52.0% and 73.8%, respectively ([Table 3](#tbl3){ref-type="table"} ).Table 3Validation of the scoring system in the second phaseRapid test positive (Patient No.)Rapid test negative (Patient No.)Total (Patient No.)Score ≥59386179Score \<542118160Total135204339[^3]

Discussion {#sec4}
==========

The symptoms and signs of H1N1v infection are similar to those of seasonal influenza virus infection. About 60% of people infected are aged \>19 years, but the presentation in the pediatric population is not typical.[@bib6] Our study demonstrated the clinical manifestations of children and showed that most of the patients (81.6%) who came to our hospital for influenza evaluation had fever. Among the patients with positive rapid test results, 88.8% of patients had fever, two thirds had sore throat, about half had headache, and a third had myalgia, lethargy or cough. These results are compatible with previous observations.[@bib6], [@bib7] The proportion of gastrointestinal tract symptoms in our series was lower than previously reported. Our patients with positive or negative test results had no significant difference in vomiting or diarrhea. The gene sequence identified in Taiwan is the same as those in other countries, although the reported clinical manifestations are a little different. More studies are needed to evaluate the impact of viral infection in different races.

Age is another significant predictive factor and we found that patients aged ≥10 years had a higher risk of a positive IRT result (odds ratio: 2.53, 95% confidence interval: 1.75--3.67). Influenza is easily spread in school and cluster infection may occur. In addition, adolescents are more able to describe their influenza-like symptoms, and they do not seek medical consultation if they only have mild discomfort. In contrast, toddlers and infants suffer from a lower risk of influenza cluster infection, and they are more susceptible to other viral infections, such as respiratory syncytial virus and enterovirus.[@bib8] Sampling of oropharyngeal swab was suffering, and it was more difficult to obtain specimen with good quality in younger patients. All these reasons contribute to the higher positive detection rate in patients older than 10 years.

There are several diagnostic tools for H1N1v. Real-time reverse transcriptase polymerase chain reaction (RT-PCR) has high sensitivity and specificity, but it is not widely available.[@bib9] IRT is a quick diagnostic tool and is extensively used in all countries. The sensitivity of these antigen rapid tests is around 40--69%.[@bib9] The low sensitivity leads to a poor positive predictive value in clinical application and thus the diagnosis is made mainly upon the physician's judgment.[@bib9] There are several brands of commercial IRT kits available in Taiwan. We use the commercial Quickvue A+B influenza tests whose sensitivity is only 51.0%, but the specificity of this kit is good for both H1N1v and seasonal influenza virus (99.0%).[@bib10] We designed a simple scoring system to predict the results of IRT, but the unsatisfactory sensitivity of the antigen rapid test may limit its clinical application. Besides the different brand of commercial kit, the sensitivity of the rapid test is also influenced by several factors, such as clinical judgment, the method of sampling, viral load and background prevalence of influenza.[@bib11] According to the data of CDC, Taiwan, during our study period, about 30% of patients with ILI had influenza infection, including children and adults, and \>90% of them had H1N1v.[@bib2] The sensitivity and specificity of our scoring system may change over time and between areas, and may be different in children and adults. Nonetheless, it provides a reference tool during a pandemic influenza infection period.

Our scoring system has acceptable negative predictive value so people with low score are less likely to have positive rapid test results. Therefore, the scoring system can be applied as a simple screening tool in the primary care units and general public to save medical costs. However, owing to the high false negative rate of rapid tests and quick progression of severe influenza infection, clinical judgment and health education are mandatory.[@bib9], [@bib12] We do not recommend using rapid tests as a crucial diagnostic tool in high-risk patients, nor the present scoring system.

Pandemic infection has a huge impact in many aspects, including psychological stress. The perceived risk level and behavioral change may be affected by many factors. In the beginning of the pandemic infection, most Americans were not worried about H1N1v infection.[@bib13] However, the anxiety and behavioral response differed significantly between countries. Malaysians were more anxious and more likely to reduce travel and to buy masks and food than Europeans were.[@bib14] There are no related data about the anxiety encountered in the H1N1v infection in Taiwan, but Taiwanese were anxious according to reports in the mass media.[@bib2], [@bib5] The mass media played an important role in disseminating and sensationalizing H1N1v issues, although some information was incorrect or unconfirmed.[@bib15]

Facing the overwhelming challenge, CDC, Taiwan adopted several aggressive strategies, including basic infection control measurements, class suspensions and special outpatient clinics for patients with ILI.[@bib16] However, despite extensive propaganda, anxiety spread in the general public, and thus increased the storage and cost of IRT due to the increasing demand.[@bib17] As rapid tests are not so reliable, patients with a negative rapid test requested a second and even third test. Patients infected by H1N1v may be afebrile, therefore, even some well people asked for influenza evaluation. The medical care units became so crowded that patients had to wait for a long time, increasing the risk of getting infection at medical units. Furthermore, some legal problems developed under these circumstances.

Pandemic infectious disease such as severe acute respiratory syndrome (SARS) can lead to psychogenic illness, for example, somatic symptoms and anxiety.[@bib18] H1N1v pandemic infection also has the same influence. We know both IRT and scoring system are not very accurate for prediction of influenza infection. However, this simple scoring system can be a surrogate for IRT, and everyone can calculate the score at home. It may offer a simple screening tool and lower public anxiety. Although our scoring system is far from a well-designed, accurate surrogate, this kind of model may be applied during a pandemic. Moreover, the commercial kits of IRT are not always available in many areas and countries.

Our study had several limitations. First, the application of our scoring system is limited by the fundamental flaw of the unreliability of IRT. It is easy to miss patients with influenza infection due to the poor sensitivity of the rapid test. Therefore, further wide application of this kind of scoring system is warranted for it to be established as a more exact diagnostic tool. RT-PCR is more reliable but widespread use has been unrealistic until now. That is why we did not choose RT-PCR as the reference diagnostic tool. Second, the clinical manifestations and the accuracy of the scoring system can only represent the situation in this area during this period. The cut-off value of scoring system should be modified according to the epidemiology and government policy in different areas. Third, H1N1v and other seasonal influenza A virus infections can not be distinguished by the rapid tests, nor by the scoring system. However, we provide a simple model for pandemic infection under conditions of limited resources and hope that this kind of model may be applied in the future.

[^1]: \* URI: upper respiratory tract infection.

[^2]: \*Total score: -1∼12 points. Patients with score ≥ 5 points are candidates for the influenza rapid test.

[^3]: Sensitivity: 68.9%; Specificity: 57.8%; Positive predictive value: 52.0%; Negative predictive value: 73.8%.
